An efficient method for the synthesis of 2,7-dicycloalkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes by the NiCl 2 ⋅6H 2 O-catalyzed ring transformation reaction of 1,3,5-tricycloalkyl-1,3,5-triazines with 1,4,5,8-tetraazadecalin has been successfully developed.
Introduction
The interest in diazapyrenes is related to their practical applicability as drug candidates for the development of analgesics [1] and antibacterial [2] and antitumor [3, 4] drugs agents. Polyazapyrenes are actively used in supramolecular chemistry for the design of molecular devices [5] , host-guest type molecules [6] , and macrocyclic squares incorporating mixed transition metal systems and a main group element [7] . Currently, quite a number of isomeric diazapyrenes [8] and polyazapyrenes [9] with different arrangements of the peripheral nitrogen atoms in the pyrene ring have been synthesized. As previously reported [10] , 2,7-diazapyrenes can be obtained by the reaction of dihydroazaphenalene with sym-triazine in polyphosphoric acid. There is little information about methods for the synthesis of azaperhydropyrenes. For instance, stereoisomeric tetraazaperhydropyrenes can be synthesized by the reaction of 1,4,5,8-tetraazadecalin with methyl acrylate [11] . Hexaazaperhydropyrenes are prepared by the threecomponent cyclocondensation of amines with formaldehyde and 1,4,5,8-tetraazadecalin in the presence of a strong acid cation exchanger [12] or by the intermolecular heterocyclization of 1,4,5,8-tetraazadecalin with N,N-bis(methoxymethyl)-N-alkylamines in the presence of the lanthanide catalyst [13] .
Herein, we report a new efficient synthesis of 2,7-dicycloalkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes through the ring transformation reaction of 1,3,5-tricycloalkyl-1,3,5-triazines with 1,4,5,8-tetraazadecalin catalyzed by NiCl 2 ⋅6H 2 O.
Materials and Methods
The NMR spectra, including two-dimensional homonuclear (COSY and NOESY) and heteronuclear (HSQC and HMBC) spectra, were recorded on a Bruker Avance 500 spectrometer at 500.17 MHz for 1 H and 125.78 MHz for 13 C according to standard Bruker procedures. CDCl 3 was used as the solvent, and tetramethylsilane was used as the internal standard. The MALDI TOF/TOF mass spectra (positive ion detection, 2,5-dihydroxybenzoic acid matrix) were obtained on a Bruker AutoflexTM III Smartbeam mass spectrometer. Samples were prepared by the dried drop technique. Solutions of matrix and substrate were mixed at a ratio of 50 : 1 to 100 : 1, and a drop of the mixture was applied onto a target and dried in a stream of warm air. The sample was vaporized from the target by laser pulses (200 pulses with a frequency of 100 Hz) generated by a solid state UV laser ( 355 nm). The elemental analyses were obtained on a Carlo Erba 1106 analyzer. The melting points were determined on a PHMK 80/2617 melting point apparatus. The reaction progress was controlled by TLC using Sorbfil plates (PTSH-AF-V); spots were visualized by treatment with iodine vapor. Column chromatography was performed on KSK silica gel (100-200 m). 1,4,5,8-Tetraazadecalin (1) was obtained as described previously [14] . MeOH, r.t., 3 h −CH 2 (NHR) 2 R = cyclo-C 3 H 5 (2, 89% yields), cyclo-C 5 H 9 (3, 78% yields), cyclo-C 6 H 11 (4, 80% yields), cyclo-C 5 H 9 O (5, 74% yields), cyclo-C 7 H 13 (6, 82% yields), cyclo-C 8 H 15 (7, 85% yields), norbornyl (8, 77% yields) 
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Results and Discussion
To develop a new preparative method for the synthesis of 2,7-dicycloalkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes, which are difficult to obtain by other methods, we have studied the ring transformations in the reaction of 1,3,5-tricycloalkyl-1,3,5-triazines with 1,4,5,8-tetraazadecalin (1). 1,3,5-Triazine was chosen as a new aminomethylating reagent for the synthesis of target hexaazaperhydropyrenes resorting to the reported [16] ring transformation reaction of 1,3,5-triazin-2-one induced by compounds having active hydrogen atoms (S-H). 1,4,5,8-Tetraazadecalin was hypothesized to serve as a compound containing active N-H bonds by analogy with 1,2-ethanedithiol used in the ring transformation of 1,3,5-triazin-2-one [16] .
Our preliminary experiments have shown that noncatalyzed reaction of in situ generated 1,3,5-tricyclopropyl-1,3,5-triazine [15] with 1,4,5,8-tetraazadecalin at 20 ∘ b in MeOH afforded 2,7-dicyclopropyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrene (2) in no more than 10% yield. Conducting the reaction in refluxing methanol increased the yield of hexaazaperhydropyrene to 35%.
To achieve a higher yield of the target heterocycle 2, we have performed the reaction of 1,3,5-tricyclopropyl-1,3,5-triazine with 1,4,5,8-tetraazadecalin in the presence of the catalysts that showed high activity in the ring transformation reactions [17] [18] [19] . The highest activity was found for catalysts based on transition metal salts and complexes, the yield of 2,7-dicyclopropyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrene (2) being increased in the series of catalysts (5 mol% (1) to afford selectively 2,7-dicycloalkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes 2-8 in 74-89% yield (Scheme 1).
In the 1 X NMR spectra ( The proposed structures were confirmed by the molecular ion peaks present in the positive ion matrix assisted laser desorption ionization tandem time-of-flight mass spectra (MALDI TOF/TOF MS, resolution 0.001 a.u.).
The experimental results as well as published data suggest [20] [21] [22] [23] that the ring transformation reaction of 1,3,5-tricycloalkyl-1,3,5-triazine with tetraazadecalin 1 represents a multistaged chemical process. It comprises the successive steps of coordination of the tertiary nitrogen atom to the catalyst central ion, ring opening of the starting heterocycle, nucleophilic addition of secondary amine to a carbocation, and subsequent intermolecular cyclization to give the target hexaazaperhydropyrenes (Scheme 2). The GC/MS analysis of the 
Conclusion
Polyheterocyclic structural architectures occur in many bioactive natural products and synthetic drugs, and these structural units serve as important intermediates in organic synthesis. Therefore, organic chemists have been making extensive efforts to produce polyheterocyclic compounds by developing new and efficient synthetic transformations. Among the variety of new synthetic transformations, catalyzed reactions are some of the most attractive methodologies for synthesizing polyheterocycles. In summary, we have developed an efficient method for the synthesis of 2,7-dicycloalkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes, difficult to prepare previously, via the NiCl 2 ⋅6H 2 O-catalyzed ring transformation reaction of 1,3,5-tricycloalkyl-1,3,5-triazines with 1,4,5,8-tetraazadecalin.
